We present integrated pulse profiles at 5 GHz for 71 pulsars, including eight millisecond pulsars (MSPs), obtained using the Shanghai Tian Ma Radio Telescope (TMRT). Mean flux densities and pulse widths are measured. For 19 normal pulsars and one MSP, these are the first detections at 5 GHz and for a further 19, including five MPSs, the profiles have a better signal-to-noise ratio than previous observations. Mean flux density spectra between 400 MHz and 9 GHz are presented for 27 pulsars and correlations of power-law spectral index are found with characteristic age, radio pseudo-luminosity and spin-down luminosity. Mode changing was detected in five pulsars. The separation between the main pulse and interpulse is shown to be frequency independent for six pulsars but a frequency dependence of the relative intensity of the main pulse and interpulse is found. The frequency dependence of component separations is investigated for 20 pulsars and three groups are found: in seven cases the separation between the outmost leading and trailing components decreases with frequency, roughly in agreement with radius-to-frequency mapping; in eleven cases the separation is nearly constant; in the remain two cases the separation between the outmost components increases with frequency. We obtain the correlations of pulse widths with pulsar period and estimate the core widths of 23 multi-component profiles and conal widths of 17 multi-component profiles at 5.0 GHz using Gaussian fitting and discuss the width-period relationship at 5 GHz compared with the results at at 1.0 GHz and 8.6 GHz.
lists measured flux densities for the 71 observed pulsars, including eight millisecond pulsars (MSPs). For 30 pulsars, the flux densities were calibrated using the calibration sources: 3C48, 3C123, 3C196 or 3C295 (Perley & Butler 2013 , 2017 . The pulsars calibrated in this way are marked by a * in Table 1 . For the other 41 pulsars which have no real-time flux density calibration, we estimated the mean flux density using the system equivalent flux density (cf., Zhao et al. 2017) , which is ≥ 26 Jy at 5.0 GHz (Wang et al. 2015) . From multiple observations of 3C123 we estimate a 20% calibration uncertainty. This was assumed for pulsars that were observed only once. For pulsars that were observed several times, we selected all observations with S/N higher than 5 and gave the mean flux density and its rms uncertainty in Table 1 . For comparison, flux densities around 5 GHz measured by others are listed in the last column in Table 1 .
Also listed in Table 1 are ∆φ(N ), where ∆φ is the separation of the outer-most profile components and N is the number of identifiable components. Pulse widths at 50% and 10% of the profile maximum, W 50 and W 10 respectively, are also given in Table 1 . Component separations and pulse widths were computed from fits of Gaussian profiles to components (cf., Zhao et al. 2017) . As for flux densities, for pulsars that were observed several times, mean widths and their uncertainties are given in Table 1 .
Mean pulse profiles for the 71 observed pulsars are given in Fig. 1 . For 19 pulsars (PSRs J0454+5543, J0738−4042, J0835−4510, J1012+5307, J1509+5531, J1518+4904, J1643−1224, J1713+0747, J1740−3015, J1744−1134, J1745−3040, J1752−2806, J1807−0847, J1829−1751, J1833−0827, J1848−0123, J1935+1616, J1937+2544 and J1955+5059), these profiles have a much better S/N than previous observations at frequencies around 5 GHz (Seiradakis et al. 1995; von Hoensbroech & Xilouris 1997a; von Hoensbroech et al. 1998; Kijak et al. 1998; Johnston et al. 1998; von Hoensbroech 1999; Kramer et al. 1999) . For PSRs J0738−4042 and J0835−4510, our profiles with 1024 bins have better time-resolution compared to those with 128 bins in Johnston et al. (1998) . The S/Ns of profiles in six pulsars (PSRs J1012+5307, J1509+5531, J1518+4904, J1643−4042, J1744−1134 are in the range from 10 to 20 in our observations, while in the previous observations, the S/Ns were lower than 10. For PSRs J1745−3040, J1752−2806 and J1848−0123, the profile S/Ns are between 20 to 40 in our observations, which is higher than those in the previous observations. For the rest, in the previous observations, the S/Ns were lower than 33, while in our observations, they are higher than 40. Among the profiles given in Fig. 1 , there are 20 where there are no previously published 5 GHz profiles. These, along with other MSPs (PSRs J1012+5307, J1518+4904, J1643-1224, J1713+0747 and J1744−1134) in the sample, are discussed in §3.1 and §3.2 below.
TMRT 5 GHz pulse profiles are compared with profiles at other frequencies obtained from the EPN profile database † and ATNF observation database ‡ in Fig. 2 . Corresponding components are connected by dashed lines assuming a power-law frequency dependence of component separation as discussed in §4.4. Spectral plots for 27 pulsars are given in Fig. 3 and discussed in §4.1.
Normal pulsars
In this section we discuss the 19 pulsars for which there are no previously published 5 GHz pulse profiles. PSR J0248+6021. With 12 years of radio timing data from Nançay Radio Telescope observations, Theureau et al. (2011) published the basic parameters of PSR J0248+6021, which is a relatively young pulsar (characteristic age τ c ∼ 62 kyr) with a spin period of 217 ms and a large dispersion measure (DM = 370 pc cm −3 ). At 1.4 GHz, profile broadening due to interstellar scattering is evident but at 2.05 GHz and 2.68 GHz the profile has a single narrow component (Theureau et al. 2011) . Fig. 1 shows that at 5.0 GHz there is a single dominant component similar to that at 2.05 GHz and 2.68 GHz, but the profile also has extended wings on either side of this dominant component. These are almost certainly conal emission which has flatter spectrum than the dominant component which can be identified as core emission. The flux density of this pulsar is 3.1 mJy as listed in Table 1 which, within the uncertainties, is consistent with the value of 3.15 mJy obtained by extrapolating with the spectral index of −1.19 given by Theureau et al. (2011) .
PSR J0837−4135 (B0835−41). This pulsar was discovered at 408 MHz by Large et al. (1968) . Published 1400 MHz flux densities (Taylor et al. 1993; Johnston & Kerr 2018) are variable as are the 5.0 GHz flux densities given in Table 1 , suggesting that the observed flux densities are affected by scintillation. However, even with this uncertainty, Fig. 3 suggests a break frequency around 400 MHz. The 5.0 GHz profile for this pulsar ( Fig. 1 ) has a strong central (core) component with two equal outlier (conal) components on each side, similar to that at 8.6 GHz (Zhao et al. 2017) . At 1.4 and 3.1 GHz the central core component completely dominates the profile (Karastergiou & Johnston 2006) , consistent with the normally steeper spectral index for core emission. The separation of the components in longitude is nearly constant with frequency.
PSR J1559−4438 (B1556−44). Flux densities of this pulsar at lower frequencies were measured by Manchester et al. (1978) , Fomalont et al. (1992) and Manchester et al. (1998) . The spectrum from 400 to 5000 MHz shown in Fig. 3 suggests a broken power-law form. The 5 GHz profile has a basically double shape, but with an unresolved asymmetric central component preceding the trailing component by about 3
• of longitude. Fig. 2 shows that this offset central component has a much steeper spectrum than the outer components showing that it can be identified as core-type emission despite its offset position. The outer components are clearly conal. These properties are consistent with a gradual change in emission properties across the beam (Lyne & Manchester 1988) rather than a distinct emission process for core emission (Rankin 1983a) .
PSR J1651−4246 (B1648−42). The 5.0 GHz integrated pulse profile given in Fig. 1 has a basically double pulse profile. At lower frequencies, this pulsar has a similar but wider profile, and the components become more equal in amplitude with decreasing frequency (Johnston & Kerr 2018) .
PSR J1703−3241 (B1700−32). Observations of this relatively long-period pulsar at frequencies between 0.6 GHz and 1.4 GHz (e.g., Gould & Lyne 1998; Johnston & Kerr 2018) show that it has a relatively flat-topped profile probably consisting of three overlapping components of similar strength. The 5.0 GHz pulse profile shown in Fig. 1 is consistent with this, perhaps indicating a somewhat weaker and steeper-spectrum central core component. Fig. 3 shows a relatively flat spectrum for this pulsar.
PSR J1705−3423. This pulsar was discovered in the Parkes Southern Pulsar Survey by Manchester et al. (1996) . It has an approximately gaussian-shaped profile at lower frequencies, perhaps with some structure about the profile peak (Johnston & Kerr 2018) . At 5.0 GHz, the profile ( Fig. 1 ) is more asymmetric with two identifiable components, the leading one about twice the strength of the trailing one. The spectral behaviour is very similar to that of PSR J1703−3241.
PSR J1707−4053 (B1703−40). At 1.4 GHz the pulse profile for this relatively high-DM pulsar (DM ∼ 360 cm −3 pc) is dominated by interstellar scattering with no clear intrinsic profile structure (Johnston & Kerr 2018) . At 3.1 GHz, there are two obvious peaks with a relatively weak component at the trailing edge * . As shown in Fig. 1 , at 5.0 GHz, the trailing component is much stronger but the components at the leading part of profile can not be resolved clearly because of the low S/N. The spectrum shown in Fig. 3 has a turn-over around 1.4 GHz.
PSR J1709−4429 (B1706−44). This young Vela-like pulsar has been extensively observed at radio frequencies between 450 MHz (Johnston et al. 1998) and 32 GHz (Kramer et al. 1997 ) and has been detected as a γ-ray source with Fermi (Abdo et al. 2013) and HESS (Hoppe et al. 2009 ). It has a simple highly polarised radio profile with one dominant component (e.g., Johnston & Kerr 2018) . The spectrum is relatively flat as shown in Fig. 3 with a spectral index of −0.62. Our 5.0 GHz pulse profile (Fig. 1) shows a single component of 50% width about 19
• of longitude. This is narrower than the 50% width ( 20 • ) at 1.4 GHz (Johnston & Kerr 2018) and broader than that ( 16 • ) at 8.6 GHz (Zhao et al. 2017 ). * https://datanet.csiro.au/dap/public/atnf/pulsarSearch.zul PSR J1721−3532 (B1718−35). This pulsar with a short pulse period of 0.28 s has a very high dispersion measure about 496 pc cm −3 . At 1.4 GHz the profile is highly scattered (Johnston & Kerr 2018 ) with a scattering time scale of about 30 ms. At 5.0 GHz, Fig. 1 shows a simple asymmetric profile with a slow rising edge and a steeper falling edge, which is similar to the higher-frequency results from Johnston et al. (2006) and Zhao et al. (2017) . Given the flux densities at from 1.4 GHz to 17 GHz, Fig. 3 shows a relatively flat spectrum.
PSR J1730−3350 (B1727−33). This pulsar is relatively close both on the sky and in distance to PSR J1721−3532 and is similarly highly scattered at 1.4 GHz (Johnston & Kerr 2018) . At 5.0 GHz, Fig. 1 shows that this pulsar has a simple symmetric profile. Fig. 3 suggests that the spectrum is a broken power law which is flatter at high freqencies.
PSR J1739−2903 (B1736−29) . This pulsar has a relatively strong interpulse separated from the main pulse by very close to 180
• . At 0.6 GHz, the ratio of the peak flux of the interpulse to the peak flux of the main pulse is about 42% (Gould & Lyne 1998) and at 1.4 GHz, slightly less, about 40% (Johnston & Kerr 2018) . In our observation at 5.0 GHz, the flux density ratio between interpulse and main pulse is about 17%. The longitude separation of the pulse centroid is very close to 180
• at all frequencies. Fig. 3 shows a relatively flat spectrum between 400 and 8400 MHz with a spectral index of −0.88.
PSR J1809−1917. This is a young energetic pulsar with pulse period 82.7 ms, age 5.1 kyr and spin-down luminosity ∼ 1.8 × 10 36 erg s −1 . The pulse period is very similar to that of the Vela pulsar, but PSR J1809−1917 is about five times older and five times less energetic than Vela. X-ray observations show that there is an associated pulsar wind nebula (Kargaltsev & Pavlov 2007) . At 5.0 GHz, this profile has two widely spaced but overlapping components separated by about 40
• of longitude, with the leading component being about half as strong as the trailing one. At 1.4 GHz (Johnston & Kerr 2018) , the component separation is larger, about 54
• , the components do not overlap and the leading component is a little stronger, about 60% of the trailing one.
PSR J1835−1106. This relatively young pulsar (τ c ∼ 100 kyr) has a highly polarised symmetric single-component pulse profile at 1.4 GHz (Johnston & Kerr 2018) . At lower frequencies, the profile is affected by interstellar scattering (e.g., D'Amico et al. 1998). The 5.0 GHz pulse profile shown in Fig. 1 appears to have some asymmetry. Gaussian fitting shows the profile to have three components with a partially resolved leading component and a weaker trailing one.
PSR J1844+00 This is a distant, high-dispersion pulsar discovered at 0.4 GHz with a highly scattered profile at that frequency (Camilo et al. 1996) . At 1.4 GHz, the scattering is about two orders of magnitude less and the profile is seen to have two components, the trailing one about 30% as strong as the leading one, with a component separation of about 15
• ). At 5.0 GHz, Fig. 1 shows a similar pulse profile with similar component separation, but with the trailing component a little stronger, about 40% of the leading component. The spectrum of this pulsar has a turn-over around 1 GHz (see Fig. 3 ).
PSR J1853+0545. This middle-aged (∼ 3.3 Myr) pulsar was discovered at 1.4 GHz in the Parkes Multibeam Survey and shows an apparently scattered profile (observed scattering time about 8 ms or 24
• of longitude) at this frequency (Kramer et al. 2003) . At 5.0 GHz, Fig. 1 shows that the profile has a dominant leading component with a steep rising edge and a partially resolved trailing component about 30% as strong as the leading component and separated from it by ∼ 6
• of longitude. While there are only five measurements of flux density at different frequencies, Fig. 3 suggests that the pulsar has a relatively flat spectral index.
PSR J1900−2600 (B1857-26). At low frequencies, this well-known pulsar has a mutiple-component profile with a strong central or core component. Five components are distinguished clearly in the profile at frequencies around 300 MHz (Mitra et al. 2016a ). The second and central components started merging with each other at 410 MHz and 610 MHz (Gould & Lyne 1998; Mitra et al. 2016a ). At frequencies above 1 GHz, all components are merged and have about the same amplitude, giving the profile a flat-topped appearance (e.g., Johnston & Kerr 2018) . As Fig. 1 shows, this remains true at 5 GHz. Table 1 shows that the observed 5-GHz flux density is quite stable and Fig. 3 shows that the spectrum between 200 MHz and 5 GHz is a broken power law.
PSR J1909+1102 (B1907+10). This pulsar has a relatively short period (∼ 0.284 s) but a relatively weak magnetic field giving it a characteristic age of about 1.7 Myr. At frequencies lower than 1 GHz, the pulse profile is dominated by a single component. A leading component with peak flux density about 25% of the main component can be seen at 1.4 GHz (Weisberg et al. 1999) . Fig. 1 shows that at 5.0 GHz the leading component has a stronger peak flux density than the trailing component. The steeper spectrum of the trailing component is confirmed in Fig. 2 which also shows that the component separation is essentially independent of frequency. PSR J2257+5909 (B2255+58). At low frequencies, below about 1.4 GHz, this pulsar shows two main components with the trailing component dominant (Gould & Lyne 1998) . At 1.4 GHz, these two components are of equal strength and there is a hint of a third component trailing the main components by about 15
• (Gould & Lyne 1998) . Fig. 1 shows that at 5.0 GHz the leading component is the stronger of the two main components. Fig. 2 shows that the separation of these two components is almost constant with frequency. The spectrum shown in Fig. 3 suggests a low-frequency turn-over below about 1 GHz.
PSR J2330−2005 (B2327-20) . At 410 MHz, three components are visible for this pulsar, with the leading one the strongest and a weak overlapping third component (Gould & Lyne 1998) . The observed pulse profile at 5 GHz has rather low S/N ( Fig. 1 ) but within the uncertainties has a similar pulse profile to that at lower frequencies. Fig. 2 shows that the central component becomes somewhat stronger with decreasing frequency, consistent with a core origin. The component separation appears to be independent of frequency. Fig. 3 shows a good fit to a relatively steep power-law spectrum over the frequency range 400 MHz to 5 GHz.
Millisecond pulsars
MSPs form a separate group of pulsars characterised by their short spin period ( < ∼ 30 ms) and very low spin-down rate (Ṗ < ∼ 10 −18 ). These properties are attributed to a different evolutionary history involving spin-up, or "recycling", of an old neutron star by accretion from a binary companion (e.g., Bhattacharya & van den Heuvel 1991) . Although implied surface dipole magnetic field strengths are much smaller for MSPs (typically 10 8 -10 10 G) compared to normal pulsars (10 11 -10 13 G), the properties of the observed radio emission, for example, radio spectral indices and polarisation properties, are remarkably similar to those of radio emission from normal pulsars (Kramer et al. 1999; Dai et al. 2015) . Although radio luminosities are generally smaller for MSPs, there is a large overlap in the distribution (Kramer et al. 1998) . On the other hand, MSP pulse widths are generally much larger, often with significant emission over much of the pulse period, and the spacing of profile components is generally independent of frequency. Observations at high radio frequencies are important in quantifying these trends (Kijak et al. 1997 ). In our 5 GHz observations, we obtained pulse profiles for eight MSPs (PSRs J1012+5307, J1518+4904, J1600−3053, J1643−1224, PSR J1713+0747, J1744−1134, J1939+2134 and J2145−0750) (Fig. 1 ). Of these, there is no previous published 5 GHz profile for PSR J1600−3053, for four pulsars (PSRs J1012+5307, J1518+4904, J1643−1224 and J1744−1134) our 5 GHz observations have higher S/N than those in Kramer et al. (1999) , and the profile for PSR J1713+0747 at 5 GHz has comparable S/N with the one in Kramer et al. (1999) . Descriptions of these six MSPs are given below.
PSR J1012+5307. As shown by Kramer et al. (1998) , at 1.4 GHz the pulse profile is complex with a broad main pulse having several identifiable components and two interpulses trailing the main peak by about 110
• and 160
• respectively. Polarisation data at 610 MHz Stairs et al. (1999) show a nearly flat polarization position angle (PA) through all pulse components, suggesting this pulsar might be an aligned rotator. As shown in Fig. 1 , our 5 GHz profile has rather low S/N and only two pulse components can be identified. The observed separation of 115
• ± 5
• suggests that we are seeing the trailing components of the main pulse and first interpulse seen at 1.4 GHz. At 5 GHz the interpulse is about 50% as strong as the main pulse, whereas at 1.4 GHz the interpulse is a little weaker, about 40% of the main peak. At 610 MHz it is only about 20% as strong. The separation of these components is the same at all observed frequencies and Fig. 3 shows that, overall, the pulsar has a relatively steep power-law spectrum.
PSR J1518+4904. This pulsar has a 40-ms spin period, which is typical of a mildly recycled pulsar. At most frequencies, the pulse profile has two identifiable components spaced by about 4
• of longitude with the leading component the stronger of the two (Kramer et al. 1999) . However, at 370 MHz there is a weak third component trailing the main component by about 20
• (Nice et al. 1996) , also seen by Kramer et al. (1998) at 1.4 GHz. Our 5-GHz observation, shown in Fig. 1 , which has a S/N comparable to that of the profile shown by Kramer et al. (1999) , shows an approximately Gaussian profile of 50% width 12.5
• (Table 1) . Given the relatively low S/N, it is not possible to distinguish individual components, but the width indicates a blend of the two main components seen at lower frequencies.
PSR J1600−3053. The 5-GHz profile shown in Fig. 1 has two identifiable components, spaced by about 12
• . In the Parkes three-band observations (Dai et al. 2015) , shown in Fig. 2 , these two components are clearly seen at 3.1 GHz, but the leading component becomes weaker and more extended with decreasing frequency. This pulsar may be an exception to the general rule that MSP component spacings are independent of frequency. Alternatively, there may additional blended components at the leading edge of the profile that become stronger at lower frequencies.
PSR J1643−1224. This millisecond pulsar is the third most luminous millisecond pulsar after PSRs J0437−4715 and B1937+21. Four components can be identified in the integrated profile at 1.4 GHz (Kramer et al. 1998) , with the leading component having a flatter spectrum than the others (Dai et al. 2015) . At 5.0 GHz, the leading components is more distinguishable, consistent with this trend.
PSR J1713+0747. Parkes observations of this well-known 4.57 ms pulsar at 0.7, 1.4 and 3.1 GHz show at least four components with the third becoming more prominent and narrower with increasing frequency (Dai et al. 2015) . The leading component has a relatively flat spectrum, whereas the trailing component has a steeper spectrum (Dai et al. 2015) . At 5 GHz, the four components are clearly distinguishable. The component separation is constant with frequency.
PSR J1744−1134. At lower frequencies, this isolated MSP has a main pulse consisting of two overlapping components and a double and much weaker precursor pulse leading the main pulse by about 120
• (Dai et al. 2015) . Fig. 1 shows that at 5.0 GHz there is a partially resolved leading component, consistent with the results of Dai et al. (2015) . Based on available multi-frequency data between 400 MHz and 9000 MHz, flux-density spectral indices for 27 pulsars are listed in Table 2 along with the pulsar characteristic parameters and references. The corresponding spectra are shown in Fig. 3 . For most of the pulsars in our sample, the spectra can be well described by a simple power law (S ν ∝ ν α ). For seven pulsars, PSRs J0837-4135, J1559−4438, J1707−4053, J1730−3350, J1844+00, J1900-2600, and J2257+5909, the observed spectrum is better fitted by two power laws (cf., Maron et al. 2000; Jankowski et al. 2018) , although for three of these, PSRs J0837-4135, J1559-4438 and J1844+00, the interpretation relies on just one discrepant point. Note that for PSR J1730−3350, the spectrum is evidently flatter at high frequencies. Kijak et al. (2017) and identified PSR J1809−1917 as a "gighertz-peaked spectrum" pulsar, with a peak flux density around 1 GHz. fitted the spectrum with a thermal absorption plus power-law model, giving a high-frequency spectral index of −1.00 Jankowski et al. (2018) fitted a power-law spectrum to data between 1 GHz and 7 GHz, obtaining a spectral index of −0.4 ± 0.2. In September 2018 (MJD 58370), we re-observed this pulsar at 2.25 GHz with the total recording bandwidth of 100 MHz for 30 min, to give a calibrated flux density of 1.1 ± 0.1 mJy. As Fig. 3 shows, we similarly fitted a power law to the high-frequency data and obtained a flatter spectral index of −0.11 ± 0.26 (Table 2 ). For PSR J0837−4135, Jankowski et al. (2018) identified the spectrum as broken power-law, with a break frequency around 700 MHz, but the spectrum in Fig. 3 suggests a break frequency around 400 MHz. For PSR J1703−3241, Jankowski et al. (2018) suggested a weak log-parabolic spectrum, but also fitted a power law, giving a spectral index of −1.5 ± 0.2. Our data, shown in Fig. 3 , supports the power-law interpretation and gave essentially the same spectral index as that obtained by Jankowski et al. (2018) .
To study the spectal index correlations we chose the 19 pulsars that have simple power law spectra plus four more that have well-defined power-law spectra above a break (viz., PSRs J0837−4135, J1707−4053, J1900−2600 and J2257+5909). PSR J0248+6021 is excluded since there are just two measurements of flux density. Fig. 4 shows the Spearman rank correlations of radio spectral index α with pulsar period P, period derivativeṖ, characteristic age τ , the 1400-MHz psuedo-luminosity L 1400 = S 1400 d 2 , the surface magnetic field B surf and the spin-down luminositẏ E.
* These correlations were also fitted by weighted power laws giving the results shown in Table 4 . The correlation coefficients for all pulsars in our sample, normal pulsars and MSPs are listed in Table 3 , along with previous results from Jankowski et al. (2018) ; Han et al. (2016); Lorimer et al. (1995a) . Jankowski et al. (2018) observed 441 pulsars, including nine MSPs, at frequencies between 730 MHz and 3100 MHz. For the 276 pulsars with simple power-law spectra, they obtained Spearman rank correlations of spectral index with various pulsar parameters. They found very significant correlations withν, B LC andĖ for normal pulsars, where B LC is the magnetic field strength at the light cylinder. Han et al. (2016) obtained Parkes observations at 1.4 GHz for 224 normal pulsars and combined these data with previously published results for 372 pulsars to give a total sample of 572 normal pulsars. They found a weak correlation of spectral index with spin-down luminosityĖ. Lorimer et al. (1995a) studied a set of 343 pulsars, including 20 MSPs, for correlations between α and P,Ṗ, τ , B surf ,Ė and pulse width. For normal pulsars, they found two significant correlations: α with P and α with τ . For MSPs they found a strong positive correlation of spectral index with P.
For all pulsars in our sample, we find that the correlations of spectral index with τ andĖ are relatively strong, whereas we find no correlation with B surf and only weak correlation with the other parameters. The stronger correlations are in the sense of steeper spectra for old pulsars and flatter spectra for pulsars with high radio luminosity and highĖ. In contrast to Lorimer et al. (1995a) , we find no strong correlation of MSP spectral indices with pulse period. The most consistent correlation across the different samples is the positive correlation with spin-down luminosityĖ for normal pulsars. MSPs do not show any strong correlations and results from different samples are different but this may be largely due to the small sample sizes.
Pulsar profiles with mode changing
Mode changing is a phenomenon, first observed by Backer (1970) , in which the pulse profile abruptly changes from a given state to another state. Usually there are just two quasi-stable states or modes (e.g., Wang et al. 2007; Rankin 2017 ), but in a few pulsars three or more modes are observed, for example, in PSRs J1822-2256, J1946+1805 and J2321+6024 (Wright & Fowler 1981; Deich et al. 1986; . Mode changing is closely related to pulse nulling, where the observable emission abruptly ceases for some interval and then resumes equally abruptly (e.g., Wang et al. 2007 ). Both mode changing and nulling evidently result from an abrupt change in the magnetospheric current distribution, leading to a different radiation beam pattern which, in some cases, has little or no emission directed toward us (Kramer et al. 2006; Timokhin 2010) . Simultaneous mode changing in the radio and X-ray emission was detected by Hermsen et al. (2013) , suggesting a rapid and global magnetospheric state change.
In our 5-GHz observations, mode changes have been detected in five pulsars: PSRs J0332+5434, J0538+2817, J0742−2822, J1825−0935 and J2022+2854. We discuss each in turn.
PSR J0332+5434 (B0329+54) is a bright pulsar which has frequent mode changing and is therefore an ideal candidate for studying mode changing at different frequencies. Lyne (1971) first found that the ratio of the amplitude of the outer components to that of the central component changed simultaneously at 408 MHz. Bartel et al. (1982) found evidence for several different abnormal modes in this pulsar. They found that the mode changing occured simultaneously at 1.4 and 9.0 GHz, and concluded that abnormal modes lasted from several periods to hours. Suleimanova & Pugachev (2002) showed that the profile shape changes within one pulse period. High-frequency observations (Kramer et al. 1996 (Kramer et al. , 1997 showed that the mode changing was clearly visible at 32 and 43 GHz. Long term observations performed by Chen et al. (2011) found that this pulsar spent 84.9% of the total time in the normal mode, and 15.1% in the abnormal mode. Six 10-hour observing sessions of this pulsar were performed by Bia lkowski et al. (2018) with LOFAR at 140 MHz, they found that 12.6% of profiles are abnormal-mode profile which was lower than that in Chen et al. (2011) . Simultaneous 13cm/3cm observations for this pulsar was performed by Yan et al. (2018a) , and 13% of time for PSR J0332+5434 was in the abnormal mode. Besides, bright narrow pulses, whose peak flux densities are 10 times of those of integrated profile, were observed at both frequencies.
Several observations at 5.0 GHz for this pulsar were performed between MJD 57721 and MJD 57887 with total observation time of 180 mins. Sub-integrations of 300 pulse periods were formed to get relatively stable intergrated profiles. We found that 12.5% of profiles were in abnormal mode (see Fig. 5 ), in agreement with the results of Bia lkowski et al. (2018) and Yan et al. (2018a) , but we found no evidence for multiple abnormal modes. Note that, because of our 300-period sub-integrations, some short bursts of abnormal mode may have been missed. The left panel of Fig. 5 shows the comparison between the normal and abnormal modes at 5 GHz. In both modes, there are three main components connected by bridges. In the abnormal mode, the leading and trailing components are of larger amplitude relative to the central component and the trailing component appears earlier by about 1
• of longitude (cf. Yan et al. 2018a ). The right panel in Fig. 5 shows that the ratio of leading and trailing components to the central one (R 12 and R 32 ) change simultaneouly at mode switching. The duration of the abnormal mode is between 3 and 8 min, which is limited by the sub-integration time and observing time in our sample.
PSR J0538+2817 is a young pulsar associated with the supernova remnant Sim 147. In the discovery paper Anderson et al. (1996) found that the pulsar had two emission modes with the trailing component being relatively weaker in Mode B. Observations at 430 MHz and 1.4 GHz showed that the trailing component has a flatter spectrum and that the mode changes are more pronounced at the higher frequency. There are only two TMRT observations for this pulsar, at MJD 58102 and MJD 58114 (see Table 1 ). Fig. 6 shows that the spectral evolution of the modes continues to higher frequencies, with the trailing component dominating the profile in Mode A at 5 GHz. We also find that the profile components are wider and overlap more in Mode A.
For PSR J0742−2822 (B0740−28), in observations at 1.4 GHz and 3.1 GHz, Keith et al. (2013) found interesting mode change behaviour with complex changes in the pulse profile between two modes which they labelled as Mode I and Mode II. Generally the trailing half of the profile is relatively stronger in Mode II. They also found that Mode II was associated with a higher spindown rate and that this correlation was stronger after a glitch and remained so for about 3 years. In our 5.0 GHz observations, this pulsar was observed on a number of occasions between MJD 57291 to MJD 57887. The left panel in Fig. 7 shows that the mode-changing behaviour at 5.0 GHz is similar to that at lower frequencies although the trailing components in both modes are more prominent at 5.0 GHz. In Mode II, the trailing component is broader, leading to and increased overall pulse width in this mode. Observed mode changes at frequencies around 8 GHz (Johnston et al. 2006; Zhao et al. 2017 ) have similar properties. For this pulsar, stable intergrated profiles can be obtained by averaging pulses over 1.5 min (about 550 rotation periods). We find that the ratio between leading and trailing components (R 12 ) varies frequently between 0.45 to 0.98 at 5.0 GHz. The right panel of Fig. 7 shows the distribution of R 12 fitted with two gaussian components following the method of Wen et al. (2016) to distinguish the different modes. Based on these fits, the pulsar is in Mode I for 77% and Mode II for 23% of the total observation time of 4 hours, with durations of Mode I and Mode II in the ranges 10 to 40 minutes and 10 to 20 minutes, respectively. PSR J1825−0935 (B1822−09) has been observed many times and shown to have complex mode changes and related drifting subpulse behaviour (e.g., Fowler et al. 1981 ). In the so-called "quiescent" or Q-mode, the "precursor" component which leads the main pulse by about 15
• of longitude is weak and the main component shows strong drifting subpulses. In the "burst" or B-mode, the precursor is much stronger and the drifting behaviour in the main pulse disappears. Even more interestingly, Gil et al. (1994) showed that the interpulse, which is about 180
• from the main pulse, becomes relatively much stronger in the Q-mode. This reveals a strong connection between the precursor/main-pulse emission and the interpulse emission which challenges standard orthogonal two-pole models for main-pulse/interpulse structure. Dyks et al. (2005) addressed this issue with a one-pole bi-directional model, in which both the main pulse and the interpulse originate from the same magnetic pole with oppositely directed emission beams forming the precursor and interpulse respectively. Latham et al. (2012) found there was a strong modulation with P 3 = 46.6 rotation periods in Q mode. A weak modulation with 70 rotation periods was found in B mode. They also found a triple structure of the main pulse in both modes and in Q mode that the leading and trailing regions of the main pulse correlated both with each other and with the interpulse. In a 55-hour radio observation Hermsen et al. (2017) found that 63.9% of pulses were in Q mode.
PSR J1825−0935 was observed several times between MJD 57378 and MJD 57825 with a total observation time of about 110 mins. Observed durations of B-mode emission were from 1.5 to 15 mins and for Q-mode the durations were from 4 to 14 mins. The left panel in Fig. 8 shows a comparison of the B-mode and Q-mode integrated profiles at 5 GHz. The behaviour is similar to that at lower frequencies with a strong anti-correlation between the intensities of the precursor and interpulse. The 5 GHz observations show that a feature on the trailing side of the main pulse becomes stronger and more distinct in Q-mode. For each 30 s sub-integration, we measured the S/N of the main pulse, precursor and interpulse as shown in the right panel of Fig. 8 . We find that setting an S/N threshold (∼ 3) on the precursor emission distinguishes the different modes clearly. This plot also shows that the precursor is anti-correlated with the interpulse as found at lower frequencies.
Mode changing for PSR J2022+2854 was first discovered at 1.4 GHz (Wen et al. 2016) , and consists of a change of relative intensity between the leading and trailing profile components. Two-component gaussian fitting to the profile was used to obtain the ratio of leading component to trailing one (R 12 ) confirming that there are two emission modes (normal and abnormal mode). In their 8 hours quasi-contiuous observation, only 11% of profiles averaged over 30 seconds are in abnormal mode.
In our 5.0 GHz observations, this pulsar was observed between MJD 57292 and MJD 57844 and the total observation time was about 96 mins. We also averaged profiles over 30 s. The left panel of Fig. 9 shows the two emission modes at 5 GHz. The right panel shows the distribution of R 12 with the normal mode having the smaller values and the abnormal mode represented by the small tail at higher R 12 . Of the 167 sub-integrations, about 6% are in abnormal mode in our observations, smaller than the 11% observed at 1.4 GHz (Wen et al. 2016) .
For another five pulsars (PSRs J0358+5413, J0826+2637, J1239+2453, J1946+1805 and J2321+6024), mode changing has been previously reported, but was not detected in our observations. In most cases, the reason for our non-detection of mode changing is that our observations were of short duration compared to the typical time in "normal" mode. For example, for PSR J0358+5413 (PSR B0355+54) Morris et al. (1980) found one mode change in over 3 hours which lasted about 5% of the total observation time. For PSR J1239+2453 (PSR B1237+25), Backer (1970) found typical normal mode durations of several hours. For PSR J1946+1805 (PSR B1944+17), the profile has relatively low S/N in our 15 min observation, so we cannot distinguish the different modes (Deich et al. 1986; Kloumann & Rankin 2010) . Similarly, in PSR J0826+2637 (PSR B0823+26) (Sobey et al. 2015) and PSR J2321+6024 (PSR B2319+60) (Wright & Fowler 1981) it is likely that our observations had insufficient sensitivity to detect the emission in the weaker mode.
Pulsar profiles with interpulse emission
Interpulses have been found in many pulsars and are especially common in young pulsars (Weltevrede & Johnston 2008 ) and millisecond pulsars (Dai et al. 2015) . Often the interpulse (IP) lies close to 180
• from the main pulse (MP) and for this reason interpulses are commonly assumed to originate near the second pole of a dipolar magnetic field with the magnetic axis approximately perpendicular to the rotation axis. For some pulsars the observed position angle variations are consistent with this idea (Keith et al. 2010 ) whereas in others they are not very consistent (e.g., Everett & Weisberg 2001; Malov & Nikitina 2013) . Often in these latter cases the separation of the MP and IP is less than 180
• and there is a bridge of emission between the two components (Hankins & Fowler 1986 ). These and similar observations led to models in which the MP and IP originate from a single magnetic polar region, possibly with the magnetic axis close to alignment with the rotation axis (e.g., Manchester & Lyne 1977; Hankins & Cordes 1981) , or with bi-directional emission from a single source region (e.g., Dyks et al. 2005) . It has been suggested, most recently by Basu et al. (2015) , that these wide profiles may be related to the precursor or postcursor components that are seen in some pulsars, e.g., PSR B0823+26, as they generally share some properties such as frequency-independent separation from the main pulse and high linear polarisation.
Six pulsars with interpulses (PSRs J0953+0755, J1012+5307, J1705−1906, J1739−2903, J1825−0935 and J1939+2134) are detected in our 5.0 GHz observations (see Fig. 1 and Fig. 10 ). All data at other frequencies are from ATNF and EPN pulsar databases. The frequency dependence of MP-IP separations for these six pulsars is shown in Fig. 10 along with weighted power-law fits to the data. Absolute values for spectral indices are all less than 0.01 and consistent with zero, i.e., the MP-IP separations are independent of frequency. This is consistent with previous studies (e.g., Hankins & Fowler 1986 ).
For PSRs J1705−1906, J1739−2903 and J1939+2134, the longitude separations between the IP and MP are 179
• ±4
• , 182
• ± 1 • and 173
• ± 1 • , respectively. It is likely that a two-pole model is applicable to these three cases (Stairs et al. 1999; Weltevrede et al. 2007; Keith et al. 2010; Malov & Nikitina 2013) . However, there are complications. Dai et al. (2015) show that for PSR J1939+2134 the polarisation position angle variations are inconsistent with the rotatingvector model (RVM) at each pole, and that there is low-level emission between the two components, similar to that observed in the Crab pulsar (Hankins et al. 2015) . Furthermore, for PSR J1705−1906, there are in-phase modulations of the IP and MP which are difficult to explain in the two-pole model (Weltevrede et al. 2007) . Similarly, as discussed in §4.2, the emission of MP and IP of Q-mode of PSR J1825−0935 might be from the same pole (Gil et al. 1994; Dyks et al. 2005; Malov & Nikitina 2013) , even though the separation between the MP and IP is 174
• ± 3
• . There is clearly a relationship between the interpulse and precursor in this pulsar (cf. Basu et al. 2015) but, as Fig. 8 shows, the trailing edge of the main pulse also participates in the mode change, so the situation is complicated.
The discussion of PSR J1012+5307 in §3.2 shows that this pulsar might be a nearly aligned rotator with a relatively wide beam (Kramer et al. 1998; Stairs et al. 1999) having three main components, although only two (with a separation of ∼ 115
• ) are visible at 5 GHz. In PSR J0953+0755, the separation between IP and MP is 156
• and is basically frequency independent, the inner edges of the MP and IP are flatter than the outer edges and there is a low-level bridge of emission joining them (Hankins & Fowler 1986 ). Hankins & Cordes (1981) showed that the polarisation position angle rotates continuously from the MP through the bridge to the IP. These observations all suggest that the emission in pulsars with component separations similar to or greater than that of PSR J0953+0755 may come from a single wide emission cone, possibly close to alignment with the rotation axis (Manchester & Lyne 1977; Narayan & Vivekanand 1983; Malov & Nikitina 2013) . The pulse emission from this pulsar may be a wide-separation example of the precursor class as suggested by Basu et al. (2015) . Fig. 10b shows us that for two pulsars (PSRs J1739−2903 and J1939+2134), the ratio of the peak flux of the IP to the peak flux of MP decreases with increasing frequency, and this behavior can be described by a simple power law. For PSR J0953+0755, we find that the IP/MP ratio increases with frequency, in agreement with the results of Hankins & Fowler (1986) . Also in the case of PSR J1012+5307, the behavior of IP/MP ratio with frequency is the same as that in PSR J0953+0755, which is consistent with the low-frequency results of Nicastro et al. (1995) . For PSRs J1705−1906 and J1825−0935, there appears to be a maximum IP/MP ratio at about 1.5 GHz, with a decreasing power law at higher frequencies and possibly an increasing one at lower frequencies.
Frequency dependence of profile width
The frequency dependence of pulse width is a very useful tool for studying the geometry and location of radio emission in the pulsar magnetosphere. Previous studies showed that the component separation ∆φ decreases with increasing frequency with a typical power-law index β ∼ −0.25, where ∆φ ∼ ν β (Sieber et al. 1975; Manchester & Taylor 1977; Cordes 1978) . By studying the pulsar widths at 333 and 618 MHz Mitra et al. (2016a) found that β ∼ −0.19 ± 0.1. But for some pulsars, two power laws with a break frequency separating the high-and low-frequency regimes better describes the frequency dependence of profile width (Rankin 1983b; Slee et al. 1987) . Thorsett (1991) analysed this dependency and concluded that a break freqency is not necessary and that a single power law combined with a minimum pulse width can fit the data at all frequencies. Low-frequency observations for 100 radio pulsars with LOFAR were analysed by Pilia et al. (2016) . They found a preference for profile widening at low frequencies, as expected for radiusto-frequency mapping (RFM) (e.g., Cordes 1978), but with a wide spread of β values, including about 15% with β > 0. In some cases this apparent broadening at high frequencies resulted from the appearance of new components at the edge of the profile.
From our observations, 20 pulsars with multiple components are selected to study the frequency dependence of pulsar width. Table 1 lists the separations of the outer components, ∆φ, and the number of discernable components for these pulsars. Including data from previous work (Dai et al. 2015; Gould & Lyne 1998; Weisberg et al. 1999; Seiradakis et al. 1995) and dividing the 20 pulsars into three categories: seven with β < 0, eleven with β ∼ 0 and two with β > 0, parameters from weighted power-law fits to the frequency dependence are listed in Tables 5, 6 and 7, respectively, and plotted in Fig. 11 . The pulse profiles at different frequencies are given in Fig. 2 , along with the component phase at each frequency based on the derived power-law fits.
For PSR J1740−3015, the multi-frequency profile comparison for this pulsar was excluded in our earlier work (Zhao et al. 2017) because that the components cannot be resolved clearly at lower frequencies. However, the TMRT profiles at three frequencies (2.3, 5.0 and 8.6 GHz) and the Parkes profile at 1.4 GHz shown in Fig. 2 clearly show that there are two components with the trailing one becoming more obvious at higher frequencies.
In the first group, all but one of the frequency index values are between −0.26 and −0.11 (Table 5) , similar to previously reported values. The exception is PSR J2354+6155 which has a much steeper dependence, with index −0.58. Fig. 2 shows that there is little ambiguity about the component identification and consequently that the rapid frequency evolution of component spacing is likely to be real. We find no evidence for a minimum pulse width at higher frequencies (cf. Thorsett 1991) Pulsars with component separation index < 0.075 (but excluding interpulse pulsars and MSPs) are listed in Table 6 . The reason(s) why these pulsars evidently do not have RFM is not understood. Some, e.g., PSR J1825-0935, may be in the precursor group which may have a distinct emission mechanism (Basu et al. 2015) .
There are two pulsars, listed in Table 7 , where the components evidently increase in separation with increasing frequency. For PSR J1954+2923, there are two prominent profile components. Fig. 2 shows that the Tian Ma 5 GHz profile clearly has a wider component separation compared to the lower-frequency profiles. For PSR J1946+1805, the identification of the different components at different frequencies is less clear. In Fig. 12 , we show the results of fitting Gaussian components to the profiles at the four frequencies. At the lowest frequency only three components are needed but at higher frequencies four are required. These results confirm that the separation of the outermost components increases with frequency (see also Fig. 11 ) contrary to the standard RFM. We also checked on the effect of the observed mode changing at lower frequencies (Kloumann & Rankin 2010) and found that this has no effect on this conclusion. Whether the increasing separation with frequency results from a different magnetospheric configuration, different emission-region location or different viewing angle is not clear.
Period dependence of pulse widths
The inverse dependence of pulse widths with pulsar period is a well-established phenomenon (Lyne & Manchester 1988; Rankin 1990 Rankin , 1993 . Rankin (1990) found the lower bound for W 50 of core components, normalised to a radio frequency of 1 GHz, is 2.
• 45P −0.5 . Widths of interpulse pulsars where the magnetic axis was believed to be orthogonal to the rotation axis followed this relation. Wider observed widths are naturally interpreted as pulsars with more aligned magnetic axes, giving a pulse-width relation for core components:
where α B is the magnetic inclination angle. Maciesiak & Gil (2011) analysed a much larger sample of interpulse pulsars and obtained the relation: W core,1.0 50 = (2.
• 51 ± 0.
• 08)P −0.5±0.02 .
Maciesiak & Gil (2011) and Maciesiak et al. (2012) examined the half-power pulse widths, W 50 , of a large sample (about 1500) pulsars and showed that a similar lower bound applied. Mitra et al. (2016a) found the lower bound at 618 MHz to be 2.
• 7P −0.5 for W 50 and 5.
• 7P −0.5 for W 10 . Pilia et al. (2016) used the interpulse pulsars in their 150 MHz sample and obtained the the relations (3.
• 5 ± 0.
• 6)P −0.5 for W 50 and (10 Skrzypczak et al. (2018) studied the profile component widths of 123 normal pulsars at 333 and 618 MHz and found that the core and conal component widths versus period had a lower boundary line following the P −0.5 relation. As in Zhao et al. (2017), we take triple or multiple components pulsars whose core components can be confirmed at 5.0 GHz to establish a relation between the pulsar period and the core widths. We used gaussian fitting to measure half-power widths of core components at 5.0 GHz, W core,5.0 50 and these are given in Table 8 . Also listed in Table 8 are the core widths at 1.0 GHz of these pulsars taken directly from Rankin (1990 ), (cf. Maciesiak & Gil 2011 . The average ratio of 5.0 GHz width to 1.0 GHz width for these pulsars is about 0.93, so we adopt a scale factor for the 5.0 GHz intrinsic core widths of 2.
• 29:
Fig . 13 shows the observed 5 GHz pulse widths, W 50 and W 10 , as a function of pulse period. As in Skrzypczak et al. (2018) , we estimate the lower bound for W 50 and W 10 using quantile regression with the quantile of 0.1:
• 19
+0.
• 63 −0.
• 49
W 10 = (7.
• 08
+1.
• 04 −0.
• 91 )P −(0.32±0.10) .
For comparison, the estimated relations, (2.
• 37 ± 0.
• 13)P −0.51±0.07 and (2.
• 16 ± 0.
• 14)P −0.49±0.08 , for W 50 at 333 and 618 MHz from Skrzypczak et al. (2018) are also shown in Fig. 13 , respectively. The lower boundary lines for W 50 at different frequencies are very close and follow the P −0.5 relation. For W 10 , the lower boundary line is flatter than that for W 50 and is in fact essentially identical to the P −1/3 relation obtained by Lyne & Manchester (1988) . Power-law fits to the period dependence of W 50 and W 10 gave the results:
• 04 ± 0.
• 06)P
W 10 = (13.
• 15 ± 0.
• 05)P −(0.37±0.09) .
These fitted lines are shown on Fig. 13 . We can see that the relation of W 50 versus period (P −0.37 ) is different to the lower bound relation (P −0.50 ) although within the margin of uncertainty, they are consistent. For W 10 the lower-bound and fit indices are essentially the same and both close to −1/3. = (2.
• 75
• 05 −0.
• 75 )P −(0.50±0.26) .
Also shown are the minimum width-period relations obtained by Rankin (1990) and Zhao et al. (2017) . The right panel shows the conal component widths obtained by the multi-gaussian fitting, as listed in is estimated using quantile regression with the quantile of 0.1:
• 32
+0.
• 26 −0.
• 23 )P −(0.60±0.14) .
Although different samples give somewhat different relations, overall, we find that the lower boundary lines for conal and core component widths are consistent with a P −0.5 relation within the uncertainties.
We then use Equation 3 to compute the magnetic inclination angles α
5.0
B as listed in the third-last column of Rankin (1990) are given in the secondlast and last columns, respectively. For some pulsars, the estimated inclination angles at different frequencies are similar to each other, but for others they are not. For example, PSR J0454+5543 was classified as triple pulsar at 1.0 GHz (Rankin 1990 ), but the central component is split into two at higher frequencies (see Fig. 2 ), which might account for the discrepant α B estimates for this pulsar. For some other pulsars (e.g. PSR J1935+1616), the core emission shows bifurcation behaviour at higher frequencies, perhaps related to orthogonal polarization modes (Mitra et al. 2016b ), PSR J1644−4559, another case of discrepant α B estimates, shows no sign of either bifurcation or orthogonal modes in the core component, even at 8.5 GHz (Johnston et al. 2006) . Keith et al. (2010) applied the rotating vector model (Radhakrishnan & Cooke 1969) to fit the MP and IP inclination angles in PSR J1739−2903 (α B ∼ 84
• for MP, ∼ 96 • for IP), which are different to the values we obtained (Table 8) . PSR J1955+5059 was classified as single core component in Rankin (1990) , but may not in fact be a "core" component. Similarly, fitting of polarization position angles at different frequencies (Blaskiewicz et al. 1991; von The different results obtained for α B using different methods for a given pulsar illustrates the fact that all of these methods rely on different assumptions, some of which may not be valid. There is no clear and unambiguous way of determining the magnetic inclination in the general case.
CONCLUSIONS
Integrated pulse profiles of 71 pulsars, including eight MSPs, have been obtained at 5 GHz with the Shanghai Tian Ma Radio Telescope (TMRT). For 20 pulsars these are the first high-frequency observations and for a further 19 pulsars our results have a higher signal-to-noise ratio (S/N) than the previous observations around this frequency. By combining the 5-GHz data with published data at frequencies between 400 MHz and 9 GHz, radio-frequency spectra are derived for 27 pulsars. For most pulsars the spectra are close to power-law, but for seven, a broken power law is indicated. A significant correlation between power-law slope and characteristic age, 1400 MHz pseudo-luminosity and spin-down luminosity is observed. Mode changing at 5.0 GHz was detected in five pulsars. For six pulsars with interpulses (IP), the separation of the IP and main pulse (MP) was shown to frequency independent, but the ratio of IP to MP intensity is frequency dependent. Comparison of 5.0 GHz profiles with those at other frequencies for 20 pulsars shows three distinct behaviours in the profile width. For seven pulsars, the component separation decreases with frequency; there are eleven pulsars with no significant change in separation between 1 GHz and 5 GHz; for the remaining two pulsars, the separation between the outmost components increases with frequency. The inverse dependence of pulse widths with period is shown at 5.0 GHz and the lower bound at high frequency for pulse widths is estimated. The core half-power widths of 23 pulsars and conal half-power widths of 17 pulsars are measured around 5.0 GHz and a modified width-period relation is given for 5.0 GHz data. Magnetic inclination angles estimated from observed pulse widths are often inconsistent with other estimates, showing that care must be taken when estimating the pulsar geometry. 2.24 ± 0.88 13.4 ± 0. Notes: The observational parameters for 71 pulsars were derived from our measurements. Col. (2)- (4) give the MJD, central frequency and integration time for each observation; the flux densities, separation of the outer-most profile components, pulse widths at 50% and 10% of the profile maximum are given in col. (5)- (8), and the corresponding mean values are measured for pulsars that observed several times. N in col. (6) is the number of identifiable components. Col. (9) (2)- (7) give the period, period derivative, characteristic age, 1400-MHz psuedo-luminosity, surface magnetic field and spin-down luminosity of each pulsar. The frequency range of spectrum and corresponding spectral index are listed in col. (8) and (9). References for published data are given in col.(10). References: 1 Manchester et al. (1978); 2 Fomalont et al. (1992); 3 Johnston et al. (1992); 4 Taylor et al. (1993) ; 5 Lorimer et al. (1995a); 6 Lorimer et al. (1995b); 7 Nicastro et al. (1995); 8 Camilo et al. (1996); 9 Manchester et al. (1996); 10 Bailes et al. (1997) ; 11 Sayer et al. (1997); 12 van Ommen et al. (1997) ; 13 Kramer et al. (1998) ; 14 Lyne et al. (1998) ; 15 Manchester et al. (1998); 16 Toscano et al. (1998) ; 17 Kramer et al. (1999) ; 18 Maron et al. (2000); 19 Morris et al. (2002); 20 Kramer et al. (2003) ; 21 Hobbs et al. (2004); 22 Karastergiou et al. (2005) ; 23 Keith et al. (2011); 24 Theureau et al. (2011); 25 Kowalińska et al. (2012); 26 Manchester et al. (2013); 27 Dai et al. (2015) ; 28 Han et al. (2016); 29 Levin et al. (2016); 30 Murphy et al. (2017); 31 Zhao et al. (2017); 32 Johnston & Kerr (2018); 33 Jankowski et al. (2018) Table 3. The Spearman rank correlation Rs of spectral indices α versus log10(x), where x is one of the pulsar parameters P, P, τ , L1400, B surf and E for different data sets. The sample size for each data set is listed in parentheses after the name. Rs is the Spearman rank correlation coefficient, and p is the corresponding probability that the observed relationship has occurred by statistical chance. (2018) AP (276) NP (267) MSP (9) Han et al. (2016) NP (572) Lorimer et al. (1995a) AP (343) NP (323) MSP ( Table 5 . Power-law (ν β ) indices for component separations of seven pulsars with decreasing separation at higher frequencies. σ is the rms residual from the fit. Table 7 . As for Table 5 for two pulsars with increasing separation at higher frequencies. Sub-integration Number Figure 9 . The left panel is the mode changing of integrated profile for PSR J2022+2854, whose two modes were obtained in TMRT observations. The right panel is the R12 distribution against sub-integration numbers. The blue line shows the fit based on two gaussian components marked by dashed lines. . Pulse widths at 50% of the peak flux density (W50) and 10% of the peak flux density (W10) at 5 GHz for 63 pulsars.
PSR
(The eight millisecond pulsars in our sample were excluded as they form a distinct class.) The green lines are power-law fits with the same slope of −0.37 for W50 and W10, respectively. The blue lines in both figures are the 5 GHz estimate of the lower boundary line using quantile regression, and the errors from our fits were marked by blue dashed lines. The red and black lines in the left panel are the lower boundaries of W50 at 0.6 and 0.3 GHz, respectively (Skrzypczak et al. 2018 ). 
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